Although it is widely accepted that genes can influence complex behavioral traits such as human temperament, the underlying neurogenetic mechanisms remain unclear. Williams syndrome (WS), a rare disorder caused by a hemizygous deletion on chromosome 7q11.23, including genes important for neuronal migration and maturation (LIMK1 and CLIP2), is typified by a remarkable hypersocial but anxious personality and offers a unique opportunity to investigate this open issue. Based on the documented role of the insula in mediating emotional response tendencies and personality, we used multimodal imaging to characterize this region in WS and found convergent anomalies: an overall decrease in dorsal anterior insula (AI) gray-matter volume along with locally increased volume in the right ventral AI; compromised white-matter integrity of the uncinate fasciculus connecting the insula with the amygdala and orbitofrontal cortex; altered regional cerebral blood flow in a pattern reminiscent of the observed gray-matter alterations (i.e., widespread reductions in dorsal AI accompanied by locally increased regional cerebral blood flow in the right ventral AI); and disturbed neurofunctional interactions between the AI and limbic regions. Moreover, these genetically determined alterations of AI structure and function predicted the degree to which the atypical WS personality profile was expressed in participants with the syndrome. The AI's rich anatomical connectivity, its transmodal properties, and its involvement in the behaviors affected in WS make the observed genetically determined insular circuitry perturbations and their association with WS personality a striking demonstration of the means by which neural systems can serve as the interface between genetic variability and alterations in complex behavioral traits.
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brain | genetics | copy number variant | MRI | PET T he human insula, particularly its anterior portion, engenders awareness by integrating cognitive, interoceptive, and affective information (1) (2) (3) (4) . This brain region has been implicated in the mediation of subjective feeling states (1-4), prediction of aversive outcomes (5), empathy for both noxious (6, 7) and pleasant (7) emotional states, and the capacity to understand and simulate mental states of others (4, 8) . Structural and functional alterations of the anterior insula (AI) complex, including the frontal operculum, are associated with impaired awareness of cognitive, affective, and social processes and can be manifested in unstable personality and other neuropsychiatric conditions (4, 9, 10) . However, little is known about the genetic underpinnings of this region's neurobiology and whether any such genetically determined neural features might mediate behavioral responses and temperament.
Of particular interest to this line of investigation, Williams syndrome (WS), a rare genetic disorder [∼1 in 7,500 live births (11) ], is typified not only by impaired visuospatial construction abilities but also by strikingly unusual and distinctive personality traits, including hypersociability, increased empathy, and anxiety (12) (13) (14) . The WS personality profile (WSPP) (15) , based on ratings on the people-oriented, gregarious, visible, sensitive, and tense items on the Multidimensional Personality Questionnaire (MPQ) (16) , quantitatively integrates several of the unusual characteristics of individuals with this syndrome (15, 16) . This empirically derived personality profile measure correctly classifies individuals with WS with 96% sensitivity and differentiates them from a mixed-etiology developmental disabilities group with 85% specificity (15) . The existence of this well delineated WSPP, along with the known genetic architecture of WS, offers unique opportunities to investigate the neurogenetic basis of higher-order human qualities, particularly social functioning and anxiety (12-15, 17, 18) , with which the insula has been associated (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 18) .
WS is caused by a well documented 1.6-Mb hemizygous deletion of approximately 25 genes on chromosome 7q11.23 (19) , a number of which likely interact to produce the brain and behavioral features of WS. Several of these genes have been studied in KO mice and have been found to play an important role in neurodevelopment, including the LIM domain kinase 1 (LIMK1) (20) and cytoplasmic linker protein 2 (CLIP2) (21) genes, both involved in neuronal migration/maturation, and a general transcription factor gene (GTF2IRD1) implicated in altered serotonin metabolism (22) . These mouse studies also documented alterations in fear response [for both LIMK1 and GTF2IRD1 (20, 22) ] and reduced aggression [for GTF2IRD1 (22) ]. In parallel with these preclinical observations, research on the neural mechanisms underlying WS-specific behavioral characteristics has identified functional and structural alterations of the intraparietal sulcus (12, (23) (24) (25) (26) , hippocampal formation (27) , amygdala, and orbitofrontal cortex (OFC) (12, 17, 28) , and aberrant orbitofrontal circuitry has been associated with the syndrome's distinctive pattern of emotional processing: remarkable lack of social fear coupled with a high incidence of nonsocial anxieties and phobias (17, 29, 30) .
Several lines of evidence link the insula to the amygdala-OFC circuit found to be aberrant in WS (12, 17, 28) . These structures, along with anterior cingulate cortex (ACC), jointly integrate physiological arousal states with cognitive processes during valuation and emotion processing (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 31) . Of relevance to the altered fronto-amygdalar responses and connectivity during affect processing in WS (12, 17, 28, 30) , the insula is anatomically interconnected with subregions of the amygdala, OFC, and ACC (32) (33) (34) . Moreover, the AI is cytoarchitectonically characterized by marked abundance of von Economo neurons (35) , which are also selectively present elsewhere in the so-called "salience network" (36) , including the OFC and ACC, of humans and nonhuman primates (37); these neurons may play an important role in regulating executive control relevant for emotional awareness (4, 35, 37, 38) . These findings, together with reports of structural perturbations of the AI (39) , suggest that the human insula, especially the AI, is a neural target through which the genetically determined atypical empathy, nonsocial anxiety, and hypersocial WS personality (12) (13) (14) (15) 29 ) may be mediated. The insula's integral role in both the brain circuits and behaviors that are prominently affected in WS formed the basis of our hypothesis-driven investigation of this region in WS.
Specifically, we hypothesized that structure, function, and connectivity of the insula would be altered in WS and that these genetically determined alterations would be related to the WSPP. To test this hypothesis, we measured gray-matter volume and white-matter connectivity with MRI and diffusion tensor imaging (DTI), respectively, as well as regional cerebral blood flow (rCBF) and functional connectivity with PET, and we investigated whether these brain measures predicted the degree to which the WS personality traits (15) were present in individual participants with WS. Table S1 ].
Our DARTEL-guided voxel-based morphometry (VBM) analyses (Methods) allowed more detailed localization of graymatter alterations, and showed extensive reductions in bilateral insula gray-matter volume in WS. These reductions were most robust in the right and left AI [t = 6.19, P = 0.0005 and t = 5.80, P = 0.0005, respectively, false discovery rate (FDR)-corrected for whole brain; Table S2 ]. When accounting for variation in whole-brain volume, we found decreased gray-matter volume in WS in the right dorsal AI, extending to the frontal operculum and striatum (t = 3.80, P = 0.019, FDR), as well as in the left dorsal AI (t = 4.35, P = 0.007, FDR; Fig. 1C and Table S3 ). Clusters of reduced gray-matter volume were also observed in the left and right middle insula (t = 3.92, P = 0.013; and t = 3.88, P = 0.014, FDR). In contrast, this analysis also revealed a localized area of increased gray-matter volume in the right ventral AI (vAI) extending to the frontal operculum/OFC in the WS group (t = 4.60, P = 0.001, FDR; Fig. 1C and Table S3 ). These convergent VOI and VBM findings of bilaterally reduced dorsal AI volume, along with locally increased gray-matter volume in the right vAI/OFC in the WS group relative to carefully matched controls, strongly suggest the existence of genetically determined structural alterations of the AI that may have functional repercussions and also be manifested in altered connectivity of the AI with other brain regions.
Altered Structural Connectivity of AI via Uncinate Fasciculus. In the left uncinate fasciculus (connecting AI, amygdala, and OFC), we found significant reductions of fractional anisotropy (FA) (41) in WS (z = 2.40, P = 0.015, two-tailed Mann-Whitney U test; Fig. 2 A-C), providing direct evidence of altered AI connectivity at the anatomical level, consistent with the aberrant OFC-amygdala functional connectivity that has been reported in WS (17) as well as with our functional connectivity findings (as detailed later). Results of between-group comparison of FA in the right uncinate fasciculus did not reach statistical significance, perhaps reflecting the observed increase in right vAI gray-matter volume in the WS group.
Altered Resting rCBF of Insula. rCBF was reduced in the WS group in the right dorsal middle/posterior insula (t = 6.74; P = 0.005 FDR, two-sample t test; SPM5 software package), the left dorsal AI (t = 3.00; P = 0.032 FDR), and the midportion of the insula (t = 5.92; P = 0.005 FDR), as well as in the hippocampal formation/amygdala bilaterally ( Fig. 3 A and B and Table S4 ). In contrast, a ventral portion of the right AI and OFC showed increased resting rCBF in the WS group (t = 4.92; P = 0.021 FDR), localized to the same region where gray-matter volume was increased in WS ( Fig. 3C and Table S4 ). Nearby OFC regions also exhibited this increased rCBF (Fig. 3C ).
Altered Resting Functional Connectivity of Insula. Brain areas in which there were between-group differences in correlations of AI rCBF with rCBF in other regions are detailed in Table S5 . Maps of these regions as well as graphical representations of the underlying within-group interregional relationships are shown in Fig. 4 . In the control group, rCBF of both left and right AI was positively coupled with a network including ACC, OFC, the posterior insula, and the amygdala, whereas a negative relation was observed between AI and middorsal cingulate.
The direct voxel-wise statistical comparison between AI functional connectivity maps of the controls and the WS participants revealed that the interregional relations observed in the controls were absent or became negative in the WS group (Fig. 4 A-F and Table S5 ). These altered AI resting rCBF couplings in WS were found predominantly in the anatomically interconnected (32) (33) (34) salience network (36) , in line with our findings of anomalous gray and white matter integrity in this system reported here, as well as with previous findings of perturbations in OFC-amygdala coupling during processing of social emotions (17) .
Altered AI Structure and Function Predict WS Personality. By examining the relation between these genetically driven AI alterations and WSPP scores, we identified a positive correlation between the degree to which the characteristic WS personality was expressed in the WS individuals and gray-matter increase in the right vAI (z = 2.42; P = 0.008, whole-brain uncorrected; Fig. 5B ), localized to a region where gray-matter volume in the WS group had been found to be increased relative to the control group (Fig. 1C) .
Similarly, to assess the relation between insula function and personality traits in participants with WS, we used the same statistical approach and found a positive correlation between WSPP scores and resting rCBF in the right vAI (z = 5.10; P = 0.0001, uncorrected; Fig. 5C ), again localized to the region where rCBF was abnormally increased in the WS group (Fig. 3C ). In addition, functional and structural alterations in several other regions including the superior temporal cortex (STS) and the temporoparietal junction (TPJ) also correlated with WSPP (Table 1) .
To assess the specificity of the observed structural and functional correlations of WSPP with vAI and its connected pathway, we examined the relationship between WSPP and PET/VBM measures within the anterior hippocampus [a region where structure, function, and metabolism have previously been shown to be significantly altered in WS (27) , and that is additionally implicated in LIMK1 and CLIP2 KO mouse models (20, 21) ], and found no correlations between these measures even at a liberal statistical threshold of P < 0.01 uncorrected. We additionally performed similar analyses with another behavioral measure that is not based on personality (the Verbal IQ score on the Wechsler Abbreviated Scale of Intelligence). We found no significant correlations (at P < 0.01, uncorrected) within the insula or in any of the other related regions for this measure.
Discussion
Our multimodal approach afforded a detailed description of the genetically driven characteristics of the WS insula and yielded convergent findings of (i) altered insula gray-matter volume centered in the AI, (ii) compromised white-matter integrity of the left uncinate fasciculus connecting the AI with the amygdala and OFC, (iii) altered resting rCBF in the AI, and (iv) anomalous functional connectivity of the AI. These data suggest the existence of a genetically determined, insula-based mechanism that may underlie the unique behavioral phenotype of atypical temperament and social functioning in WS. Notably, the latter point is supported not only by the insula's known involvement in the personality traits that distinguish individuals with WS, but also more specifically by our finding that functional and structural alterations of the AI predicted a well validated sensitive and specific measure of the hypersocial, anxious, and empathic WS personality.
Manual delineation of insula gray-matter volume demonstrated a reduction of the right insula as a whole, as well as of the AI portion bilaterally, in individuals with WS. VBM analyses revealed additional anomalous features at the subregional level: extensive gray-matter reduction in dorsal AI as well as a localized increase in vAI. In line with these gray-matter findings, we also detected compromised white-matter integrity (i.e., reduced FA) in the left uncinate fasciculus. Given the role of the uncinate fasciculus in relaying synaptic information between the frontoamygdalar system and the AI (26) (27) (28) , this compromised amygdala-OFC white-matter connectivity via the AI, along with our findings of negative functional rCBF coupling of right vAI with OFC and dorsal insular subregions, provides direct anatomical and functional support for previous findings of disrupted functional fronto-amygdala connectivity in WS during processing of emotions (17, 28) . These results are consistent with neuroanatomical evidence suggesting marked rightward asymmetry of this system in normal subjects (35, 42) . Thus, the enlarged vAI on the right side and the preservation of normal FA in the right uncinate fasciculus in WS may be related to the prevalence of von Economo neurons in the right AI (35) and a preponderance of uncinate fasciculus volume and fiber numbers on the right side in normal subjects (42) .
The resting rCBF analyses demonstrated reduced blood flow in dorsal AI, as well as increases in right vAI, in participants with WS. Overall, our VBM and rCBF analyses revealed remarkably convergent subregional patterns of alteration: gray-matter reductions in dorsal AI were accompanied by rCBF reductions in the same area; likewise, gray-matter increases in right vAI were accompanied by local increases in rCBF. These multimodal findings were echoed behaviorally by the demonstration that, the more abnormally increased the vAI rCBF and gray-matter volume, the more the WS personality was expressed in a given participant with WS.
The localization of structural and functional correlates of the WS personality to the right vAI (here shown to be structurally and functionally increased in WS) is particularly interesting in light of a meta-analysis of 1,768 human functional neuroimaging experiments, which identified this ventral portion of the insula as functionally distinctive regarding its particular involvement in human social emotional processes; in contrast, the dorsal AI (here shown to be reduced in gray-matter volume and resting rCBF in WS) was more associated with affective-cognitive integration by this meta-analysis (43) . Thus, our findings, along with the known involvement of the insula and related circuitry in interoception, emotional regulation (1-7, 43), and affiliative behavior (44) , suggest a genetically determined role for this network of regions in regulating complex behavioral traits such as social response tendencies.
In addition, both gray-matter volume and resting rCBF in cingulate, OFC, STS, and TPJ were related to the distinctive WS personality (Table 1) . That these latter regions predict WS personality is of interest because the STS and TPJ have been implicated in the attribution of agency and in theory of mind (46) , aspects of which are shown to be aberrant in WS (refs. 46, 47, but see ref. 48 ). Together, these findings suggest the involvement of a broader network of regions [localized predominantly in the social brain pathways (45) ] in the WS behavioral profile than previously appreciated, offering potential neurogenetic insight into other conditions with a heritable component and atypical personality and social function. Of particular interest to our observations that vAI volume and function predict the WSPP, a recent meta-analysis of neuroimaging studies of social function in autism (49) observed a locus of decreased activation in a right AI region similar to that delineated by our work. Together, these results suggest a complex involvement of the AI region and connected pathways in social behavior.
The data regarding task-independent, resting rCBF-based functional connectivity, a measure that is emerging as an important marker of the integrity of intrinsic neuronal pathways (50) , demonstrated altered cooperativity between key regions in WS, namely reduced correlations between rCBF in both left and right AI and rCBF in regions within a neural circuit including ACC, OFC, and amygdala that is associated with salience processing (36, 38) . Specifically, this functional coupling was predominantly positive in controls but absent or negative in the participants with WS. These results further highlight disturbances (Table S4) . Graphs show within-group Pearson correlation coefficients. AIC, anterior insula cortex.
in a network of regions (17, 28) relevant for the processing of emotionally salient and arousing information (38) .
With our finding of altered AI structure, function, and connectivity, this brain region joins the list of transmodal cortical regions already implicated in WS. These include the hippocampal formation, IPL, amygdala, and OFC (12, 14, 17, 20, (23) (24) (25) (26) (27) (28) 30) . Such transmodal cortical systems (51) are composed of subregionally specialized and highly interconnected heteromodal, paralimbic, and limbic cortices (51) (52) (53) . These nodes bind multiple unimodal and other transmodal areas into distributed but integrated multimodal representations and are therefore critically important for cortical/subcortical information flow (4, (51) (52) (53) . Because transmodal cortical areas, such as the AI, provide a nexus for interregionally coordinated neural activity and have particularly rich anatomical and functional connections, they may be especially vulnerable to aberration in the expression of genes that are crucial for successful neuronal migration and maturation like LIMK1 (20) and CLIP2 (21), which are hemideleted in WS (19) (20) (21) . Such vulnerabilities may lead to malformations in transmodal nodes, and their connections, during critical developmental periods of cortical organization. Our present findings of alterations in the uncinate fasciculus, along with previous demonstrations of abnormalities in white-matter tracts connecting other transmodal regions in WS (25, 26) , provide support for this proposed neurogenetic mechanism.
Several points regarding our findings deserve comment. First, the majority of individuals with WS have mild to moderate intellectual impairment, and their ability to cooperate with complex neuroimaging procedures can be limited. Although important information about WS has been obtained by studying such individuals, for the multimodal imaging studies reported here, we searched for extremely rare persons with WS and normal IQs, who nonetheless have the same visuospatial construction impairment and hypersocial personality that characterize the syndrome, along with genetically confirmed typical hemideletions in the WS critical region of chromosome 7. We chose this approach not only to maximize the participants' ability to cooperate with the procedures and hence the quality of the imaging data, but also because the alternative strategy of comparing intellectually impaired individuals with WS to a normal intelligence control group can present a potential confound in the interpretation of the neuroimaging data, as group differences could be related to low IQ per se. Indeed, we previously reported (25) a relationship between DTI measures and IQ in WS, highlighting the importance of selecting diagnostic groups matched by IQ, as we did here. Moreover, abnormalities found in our high-functioning group are likely to also be present in individuals with WS with intellectual impairment [as has been demonstrated in previous studies (26, 28, 54) ], but nonspecific aspects of brain structure and function associated with intellectual impairment will not be represented in our cohort. Therefore, the neurobiological phenotype reported here is likely to be proximal to the genetic substrate of the disorder, rather than to intellectual impairment per se, consistent with our overall objective of using neuroimaging to forge a link between the effects of specific genes and brain mechanisms of cognitive and behavioral disorders.
A second important point is that, although growing evidence suggests that the genesis of the atypical WS personality rests in aberrant neural structure and function of the WS brain, it is also possible that experiences and behaviors may impact neuroplasticity of the developing brain (54, 55) , as well as personality measures. Therefore, longitudinal studies that track the trajectory of neural growth, in association with behavioral features, in children with WS may help clarify whether the neuroanatomical features characterized in adults are present from birth or impacted by developmental and environmental factors (55, 56) . The empirical relationship we report between WSPP scores and neuroimaging data are specifically based on our cohort. Additional studies will be necessary to determine whether the observed correlation between Table 1 shows a complete list of correlated clusters. (Fig. 5) .
WSPP scores and ventral-AI structure and function extends to the larger WS population across the entire age span.
In sum, the anatomically special position of the AI, particularly its well documented structural (32) (33) (34) and functional interconnectivity (57) with the salience circuit and related networks, along with its strong functional involvement in the behaviors (1-8, 58, 59 ) affected in WS, make the observed insular circuitry perturbations and their association with the distinctive WS personality a striking illustration of how neural systems serve as the interface between genetic variability and alterations in complex behavioral traits. The present observations, in a rare population of individuals with well known genetic architecture and unique personality features, not only provide a deeper understanding of WS, but also inform the search for neural mechanisms by which genetic features contribute to complex behavior (60) , both in the general population and in neuropsychiatric disorders.
Methods
Participants. As outlined previously (17, 23) , the WS participants all had IQs within the normal range and were in good physical health. Healthy controls (free of neurological and/or psychiatric diagnosis) were matched for IQ, sex, and age with the WS group ( Table 2) . Thirty-seven participants (14 with WS, seven female; 23 healthy controls, 10 female) participated in structural MRI scanning; 14 control subjects (five female) from the larger cohort and all 14 participants with WS underwent PET scanning. Five participants with WS (one female) completed DTI scans and were matched pairwise with five control participants for age, sex, and IQ (25) . Parents of 11 participants with WS completed the parent report form of the MPQ (16) . Most of the rare WS cohort also participated in previously reported studies. All participants were right-handed, and all gave written informed consent according to National Institutes of Health Institutional Review Board guidelines.
Structural MRI Acquisition and Analysis. By using six axially acquired, intensitynormalized, registered, and averaged T1-weighted 1.5 T structural MRIs (0.9375 × 0.9375 × 1.2 mm; GE) (23) for each participant, we assessed structural integrity of insular gray matter in two ways: a volume-of-interest (VOI) and a voxel-wise approach. First, for the VOI analysis, an operator blinded to diagnostic information manually delineated each individual's insulae in native space, in line with Cohen et al. (39) , using ITKSnap software (http://www. itksnap.org/). The AI was demarcated by segmenting the first two insular gyri (accessory and anterior short; Fig. 1A ) in the axial plane, while simultaneously visualizing sagittal and coronal planes. Cross-group comparisons of wholeinsula volumes were carried out with and without ratio normalization for brain size by using a mixed-model ANOVA with two factors (hemisphere and diagnosis, with hemisphere as a repeated measure).
Next, to more precisely localize gray-matter volume alterations, we performed VBM analyses (61) by using enhanced spatial alignment methods (DARTEL). T1 images were segmented, and gray-matter maps were used to iteratively derive a group-specific template and a set of individual diffeomorphic transformations that warped each participant's data to this specific template. Jacobian modulation accounted for local expansions or contractions of the diffeomorphic warp into standard space. DARTEL-normalized, Jacobian-modulated gray-matter maps were smoothed (8-mm full width at half maximum) and compared across groups first with an SPM5-based ANOVA, and then with analysis of covariance by using whole-brain volume covariates (27) , both at P < 0.05 (FDR-corrected) for the whole brain.
DTI Acquisition and Analysis. To assess white-matter integrity, specifically the anatomical connectivity of the AI with the amygdala and OFC via the uncinate fasciculus, we used single-shot echo-planar imaging (six gradient directions with b value ∼1,100 s/mm 2 plus one acquisition with b value ∼0 s/mm 2 , 2-mm isotropic resolution, echo time of 82.7 ms, repetition time >10 s, cardiacgated, gradient strength 5 G/cm, eight repetitions) on a Signa 1.5-T scanner (GE) (25) . DTI Studio software (41) was used to perform tractography as described earlier (25) . We selected white-matter fibers immediately adjacent to the AI by creating an initial VOI based on the insula volumes that had been manually segmented on the structural MRIs, dilated each insula volume medially by 2 mm, and subtracted the original insula volume from the dilated volume, leaving a mask that included the capsula extrema (Fig. S1) . This mask was then transformed into DTI space (25) .
We then selected the set of fibers passing through the uncinate fasciculus by drawing a second VOI encompassing the temporal fibers emanating from the AI on the first coronal slice where the separation between frontal and temporal lobes became visible. Only those fibers occurring in the initial and the second VOIs were included (62), thus exclusively retaining fibers of the uncinate fasciculus. Mann-Whitney U testing (nonparametric) was used to assess group differences in uncinate fasciculus FA at P < 0.05.
PET rCBF Acquisition and Analysis. We used the gold-standard 15 O water method to measure task-independent resting rCBF, an indicator of basal metabolic level, in 14 WS and 14 control participants. Four 60-s rCBF scans per participant (12 mCi/scan by i.v. bolus) were acquired on an Advance 3D PET scanner (GE), attenuation-corrected, and reconstructed (32 planes, 6.5 mm isotropic). After preprocessing, including background subtraction and acrossscan registration (27) , the four PET images for each individual were registered to his or her own structural MRI, proportionally scaled to a whole-brain mean, DARTEL-normalized (61) to a group-specific template derived from the 28 WS and control participants, and then averaged and smoothed (10 mm 3 full width at half maximum). We then compared groups by using a randomeffects model in SPM5 (P < 0.05 FDR-corrected at the whole-brain level).
Functional Connectivity Analyses. To assess resting functional connectivity, we applied each person's manually segmented AI structural volumes to his or her rCBF PET scan in native space to extract average left and right AI rCBF values. Then, in standardized space, these AI rCBF values were entered as covariates to determine their correlations with rCBF in all other voxels throughout the brain for each group, and the slopes of these correlations were statistically compared across the two groups voxel by voxel. We limited this analysis to AI connectivity, as the most significant group-related rCBF measures were specific to this region. We used a general linear model in SPM5 to test the hypothesis that functional connectivity (rCBF correlations) between the AI and related regions are altered in WS relative to controls, assessed at the whole-brain level at P < 0.001.
Assessment of WS Personality and Association with Brain Structure and
Function. To assess personality in the participants with WS, parents were asked to complete the short form of the MPQ (15, 16) , and the WSPP composite score was calculated following Klein-Tasman and Mervis (15), based on Values presented as mean ± SD where appropriate. *All participants were Caucasian except for one African American control subject in the structural MRI experiment.
five character trait ratings: gregarious, people-oriented, tense, sensitive, and visible. High scores indicate a better fit to the WSPP than low scores. To test for the predicted association between WS personality traits and alterations of insula structure and function, the highly sensitive and specific WSPP scores (15), along with age, were used as covariates in two separate second-level general linear-model analyses of the VBM and rCBF data.
